In storage of foods and feed stocks, a major problem is spoilage and poisoning by fungi, *Aspergillus*, *Fusarium*, *Penicillium* ([@B21]) that cause great economic losses worldwide ([@B18]). Furthermore, these fungi produce allergenic spores and mycotoxins that cause serious potential health hazards ([@B19]). Adequate control measures to prevent fungal growth in grains, foodstuffs, foods and feed production and storage are primary importance to avoid contaminating foods and minimizing public health hazards. During the last few years, there has been a growing interest in biopreservation, i.e., the application of microorganisms and/or their metabolites to prevent spoilage and to extend the preservation time of foods ([@B27]). Lactic acid bacteria are becoming interest in biopreservation of food and feed because of the production of antimicrobial compounds such as lactic acid, acetic acid, and bacteriocin produced ([@B14]; [@B16]). While many studies focused on antibacterial activities of lactic acid bacteria ([@B3]; [@B16]; [@B27]), there are comparatively few reports on antifungal effects. El-Gendy and Marth ([@B4]) reported that *Lactobacillus casei* inhibited the growth and the aflatoxin production of *Aspergillus parasiticus*. Early research ([@B14]) demonstrated that the antifungal compounds such as phenyllactic acid and 4-hydrophenyllactic acid were produced by *Lactobacillus plantarum*. In addition, bacteriocin-like substances and other low molecular mass compounds were produced by *L. pentosus* and *L. coryniformis* ([@B23]; [@B18]).

The objective of this study were to screen and identify lactic acid bacteria, which effectively inhibited the growth of the fungal species including *Aspergillus fumigatus*, *A. flavus*, *Fusarium moniliforme*, *Penicillium commune* and *Rhizopus oryzae*, and to determine the antifungal spectra of the five isolates of lactic acid bacteria.

Materials and Methods
=====================

Isolation of *Lactobacillus* from Kimchi
----------------------------------------

Household Kimchi were collected from various sources. The broth of Kimchi was diluted at 1/10^5^ to 1/10^6^. To isolate lactic acid bacteria, the diluted samples were spread on Man-Rogasa-Sharpe (MRS) agar medium containing 2% CaCO~3~ and allowed to grow at 37℃ for 48 h in anaerobic jars. The plates were then overlaid with malt extract soft agar (0.05% malt extract and 1% agar) 1 × 10^6^ spores of *Aspergillus fumigatus* per *ml*. After aerobic incubation at 37℃ for 48 h, colonies showing inhibition zone were isolated. The isolated strains were transferred onto the modified *Lactobacillus* selection ([@B30]; LBS; Becton Dickinson and Company, Cockeysville, MD, USA) medium containing glucose instead of lactitol as a carbon source and vancomycin as a selective antibiotic ([Table 1](#T1){ref-type="table"}) and the plates were incubated at 37℃ for 48 h in order to isolate *Lactobacillus* strains from lactic acid bacteria. The isolated *Lactobacillus* strains were stored at -70℃ in MRS broth containing 50% glycerol.

Preparation of spore suspension of *A. fumigatus*
-------------------------------------------------

*A. fumigatus* was kept on potato-dextrose agar (PDA, Difco) plates at 30℃. Spores of fungus were harvested from 10-day-old PDA plate cultures in sterile water containing 0.05% Tween 80, and loosened by 15 min shaking. The suspension was adjusted to 1 × 10^6^ spores/*ml*.

Influence of *Lactobacillus* on fungal biomass production in liquid MRS medium
------------------------------------------------------------------------------

Fungal cultures containing 0.2 *ml* working culture or spore suspension and 15 *ml* of MRS in 20×150 mm culture tubes were incubated at 30℃ for various times (12, 24, 48 and 72 h incubation). The *Lactobacillus* and fungus were associated and the mixed culture incubation was continued for 2 weeks at 30℃. Subsequently the mycelium was separated from the medium by filtration on filter paper (No 1. Whatmann), thoroughly washed with ethyl acetate, dried in an oven at 95℃ until constant weight, and the dry mass was determined. Cultures of the fungus grown without other microorganisms were used as the control.

Determination of microbial interaction on solid PDA medium
----------------------------------------------------------

Cultures containing 0.2 *ml* working culture and 15 *ml* of PDA medium were transferred into petridish with 9 cm in diameter and incubated at 30℃. After 12, 24, 48 and 72 h incubation, PDA disks with 5 mm-diameter of three-days-old mycelium of the pathogen were plated in the center of the petridish and incubated in the dark at 30℃. Linear growth was estimated by measuring the diameter of the colonies for 2 weeks.

Determination of antifungal spectra
-----------------------------------

More than 120 isolates were screened against the indicator fungus *A. fumigatus*, and among these, five isolates were selected for this study. The dual culture overlay assay ([@B17]) described above in was used to estimate inhibitory activities of the five selected *Lactobacillus* against four fungi, *A. flavus*, *Fusarium moniliforme*, *Penicillium commune* and *Rhizopus oryzae* at 30℃. Bacteria were inoculated in 2-cm line on MRS agar plates and incubated at 30℃ for 48 h in anaerobic jars. The plates were then overlaid with malt extract soft agar (0.05% malt extract and 1% agar) containing 1 × 10^6^ spores of each fungus per *ml*. After 48 h of aerobic incubation at 30℃, the inhibition zone was measured. The inhibition was graded by involving the inhibited growth area per inoculation streak to total area of the petridish ([@B18]). The inhibition area was also related to the variation in length of the bacterial streak. The following scale was used: -, no visible inhibition; +, no fungal growth on 0.1\~3.0% of plate area/bacterial streak; ++, no fungal growth 3\~8% of plate area/bacterial streak; +++, no fungal growth on \>8% of plate area/bacterial streak. Inhibition test were carried out in duplicate.

Identification of lactic acid bacteria
--------------------------------------

All strains were identified by sequence analysis of 16S rDNA. Bacterial DNA was isolated from bacteria grown in MRS broth using DNeasy Tissue Kit (Qiagen). 16S rDNA was amplified by PCR using two primers according to Stackebrandt and Liesack (1993), 5\'-GAGTTTGATCCTGGCTCAG-3\' and 5\'-AGAAAGGAGGTGATCCAGCC-3\'. A PCR was run for 35 cycles in a DNA thermal cycler, Genetic analyzer 377 (Perkin-Elmer, Boston, USA), employing the thermal profile according to Yoon et al. ([@B29]). The 16S rDNA sequences of the five isolates of *Lactobacillus* were aligned using CLUSTAL W software ([@B20]). The evolutionary distance matrices were calculated with the DNADIST program within the PHYLIP package ([@B5]). The sequence of representative species of the genus *Lactobacillus* and related taxa were cited using the GenBank Database. The values of 16S rDNA similarity were calculated from the alignment, while the evolutionary distances were calculated using a Kimura two-parameter correction. A phylogenetic tree was constructed using the neighbor-joining method ([@B25]) based on the calculated distance matrix.

Results and Discussion
======================

Isolation of *Lactobacillus* spp.
---------------------------------

One hundred twenty lactic acid bacteria were isolated from various Kimchi, and approximately 10% of the isolated lactic acid bacteria showed antifungal activity against *A. fumigatus* (data not shown). About 4.16% of the total number of the isolated bacteria had strong activity (+++). For this study, the five isolates, KC-116, KC-304, KC-324, KC-817, and KC-1004, of *Lactobacillus* with strong (+++) activity were selected. Some researcher ([@B18]; [@B26]) reported that only 4\~5% of the isolated microorganism showed antagonistic activity against fungi. Antimicrobial substances especially with antibacterial effect from lactic acid bacteria have been well studied ([@B8]; [@B10], [@B9]; [@B11]; [@B15]; [@B22]). However, there are relatively few reports on antifungal activity of *Lactobacillus* spp. ([@B4]; [@B6]; [@B14]).

Identification of *Lactobacillus* spp.
--------------------------------------

Approximately 1,000 bp of the 16S rDNA sequence were determined for the five isolates selected in this study. The sequences derived from the five isolates were used to search databases from the highest similarity rank to determine the species identify of the five isolates in GenBank. Each isolate was identified based on their sequence homology of 16S rDNA. The sequences of the isolates, KC-116, KC-304, KC-324, KC-817 and KC-1004, showed higher homology to the sequence of *Lactobacillus* species; 99.5% to *Lactobacillus curvatus*, 99.8% to *L. lactis* subsp. *lactis*, 99.7% to *L. casei*, 99.5% to *L. pentosus*, and 99.6% to *L. sakei*, respectively. It suggests that the five isolates belong to the genus *Lactobacillus*. According to the reports on the correlation between the DNA-DNA homology and 16S rDNA sequence homology ([@B7]; [@B12]), strains reveal DNA-DNA homology higher than 70% and show sequence homology higher than 99.5% when strains were identified. Consequently, the five isolates were identified as *Lactobacillus*, and tentatively named as *Lactobacillus curvatus* KC-116, *L. lactis* subsp. *lactis* KC-304, *L. casei* KC-324, *L. pentosus* KC-817, and *L. sakei* KC-1004, respectively.

Antifungal spectra
------------------

The five *Lactobacillus* species inhibited the growth of the *A. fumigatus* in dual culture overlay tests as described by Magnusson and Schnürer ([@B17]), although the inhibition zones varied with the lactic acid bacteria as well as with the fungal strain tested. All the five isolates of *Lactobacillus* inhibited the growth of *A. flavus*, *F. moniliforme*, *P. commune*, and *R. oryzae* ([Table 2](#T2){ref-type="table"}). The inhibition zone was reduced when the culture supernatants were used (data not shown), which could have been due to a low concentration of antifungal compounds. However, the inhibition of the growth of all the tested fungal species was quite pronounced with the strains KC-116, KC-304, and KC-1004.

Influence of *Lactobacillus* on fungal biomass production in liquid MRS medium
------------------------------------------------------------------------------

The influence of the five isolated lactic acid bacteria in different growth phases on both spores and mycelia of *A. fumigatus* was studied. The fungal growth on liquid MRS medium in paired cultures, with lactic acid bacteria expressed as the percentage of decrease or increase of fungal biomass in comparison to the control (individual culture of fungus without bacteria) is presented [Fig. 1](#F1){ref-type="fig"}. The biomass increase after 2 weeks of paired cultures was lower than that of the control in all the samples, when the fungal spores were inoculated into the 24-h old lactic acid bacteria cultures ([Fig. 1](#F1){ref-type="fig"}). The decreasing percentages in paired cultures were 75% in *L. curvatus* KC-116, 45% in *L. lactis* subsp. *lactis* KC-304, 92% in *L. casei* KC-324, 95% in *L. pentosus* KC-817, and 40% in *L. sakei* KC-1004. When the fungal spores were inoculated into the 72-h cultured lactic acid bacteria, the decrease ranges of mycelial biomass were 30\~97% ([Fig. 1](#F1){ref-type="fig"}). Exactly, the reducing fungal growth was 97% in the case of *L. casei* KC-324 and 30% in *L. sakei* KC-1004. The aflatoxin concentration was assayed in post-culture medium ([@B13]). There is no toxin of that kind present with accompanying mycelial biomass decreases in the culture in which fungal spores were inoculated in 24-h old *L. curvatus* KC-116, *L. lactis* subsp. *lactis* KC-304, *L. casei* KC-324, *L. pentosus* KC-817, *L. sakei* KC-1004 cultures as well as in 72-h old all the *Lactobacillus* cultures (data not shown). Coallier-Ascah and Idziak ([@B2]) reported that the aflatoxins released from *A. flavus* in the culture broth were decreased in the presence of *L. lactis*. The bacterium degraded the toxic compounds by inhibitors such as lactic acid and nisin produced and subsequently released into medium before the toxins releasing from fungal body. The mycelial biomass of 4-day and 6-day old fungus paired with 12-h old bacterial cultures ([Fig. 1](#F1){ref-type="fig"}) decreased to 10\~20% with the exception of *L. lactis* subsp. *lactis* KC-304, *L. curvatus* KC-1164, and *L. sakei* KC-1004. These lactic acid bacteria paired culture with *A. fumigatus* somewhat stimulated the fungal mycelial growth in 4-day or 6-day old fungal mycelia cultures.

Determination of microbial interaction on solid PDA medium
----------------------------------------------------------

The study on the linear growth of 3-days-old fungal mycelia in the paired culture with 3-days-old lactic acid bacteria in PDA medium was shown in [Fig 2](#F2){ref-type="fig"}. The lowest increase of fungal biomass was shown at the presence of *L. sakei* KC-1004 and *L. casei* KC-324. The activity of these bacteria against the fungus *A. fumigatus* was dependent on their growth phase ([Figs. 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). All the investigated microorganisms in paired culture showed the capacity for fungal mycelial growth inhibition in liquid MRS and solid PDA media. Cabo et al. ([@B1]) reported that antifungal activity of lactic acid bacteria is due to a synergistic effect of lactic acid produced. After HPCL analysis for supernatants of the lactic acid bacteria showing antifungal activities, Magnusson et al. ([@B18]) found that the production of lactic acid was the same or even higher in the tested isolates with non-antifungal activity. However, the HPCL analysis of lactic acid in the culture supernatants from these lactic acid bacterial strains gave on explanation for the varying degrees of inhibition of fungi. This varying activity is due to the production of other antifungal compounds. Ström et al. ([@B28]) and Magnusson et al. ([@B18]) purified three antifungal substances, cyclo(*~L~*-Phe-*~L~*-Pro), cyclo(*~L~*-Phe-*trans*-4-OH-*~L~*-Pro) and phenylacetic acid, from *L. plantarum*, *L. pentosaceus*, and *L. sakei*, respectively. This indicates that other antifungal compounds are widely distributed among different species of lactic acid bacteria. In this study, the five *Lactobacillus* strains isolated from Kimchi exhibited antifungal activity against several fungi and some different compounds may cause inhibitory activity. Further investigations on the nature of inhibiting compounds and their mechanisms will be able to provide a great potential for the control of *A. fumigatus*.
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![Inhibitory effects of lactic acid bacteria against mycelial growth of pathogenic fungus, *A. fumigatus*, in paired cultures. Positive values indicate increase of fungal biomass. Individual culture of *A. fumigatus* in MRS medium is used as control.](mb-33-210-g001){#F1}

![Mycelial growth of *A. fumigatus* on PDA in mixed-culture with *L. sakei* KC-1004. Symbols: (□), Control; (▲) 6 h culture; (○), 12 h culture; (■), 24 h culture; (△) 48 h culture and (●) 72 h culture of *L. sakei* KC-1004.](mb-33-210-g002){#F2}

![Mycelial growth of *A. fumigatus* on PDA in mixed-culture with *L. casei* KC-304. Symbols: (□), Control; (▲), 6 h culture; (○), 12 h culture; (■), 24 h culture; (△), 48 h culture and (●), 72 h culture of *L. casei* KC-324.](mb-33-210-g003){#F3}

###### 

The composition of the modified LBS agar medium
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^a^Solution of vancomycin is sterilized by filtration and added after autoclaving the medium at 121℃ for 15 min.

###### 

Inhibitory effect of *Lactobacillus* isolates against pathogenic fungi
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^a^All isolates were initially screened against *A. fumigatus*, with degree of inhibition that showed at the initial activity. Symbols are: (+), no fungal growth on 0.1\~3.0% of plate area/bacterial streak; (++), no fungal growth 3\~8% of plate area/bacterial streak; (+++), no fungal growth on \> 8% of plate area/bacterial streak.
